E ig h t of th e m ost in terestin g polynuclear groups are show n to affect profoundly th e a c tiv ity of 'h e x o e stro l' on su b stitu tio n for th e 4-hydroxyphenyl groups. T his evidence, com bined w ith certain previously published results, d em o n strates th a t ' hexoestrol ' is alm ost certain ly th e m ost active m em ber of th e m ost p o te n t series of oestrogens y e t investigated. F u rth e r investigation is foreshadow ed.
Of the remaining variations two types appear to merit greatest con sideration. The first involves nuclear substitution on the benzene ring, a variation which produced extremely interesting results in the series of substituted di-(4-hydroxyphenyl)-methane derivatives studied in the publication mentioned above (Campbell 1940) . A preliminary indication of the effect of this variation is given later.
The second concerns substitution of other aromatic groups for the benzene rings in ' hexoestrol N. R. Campbell and F. W. Chattaway 
>0H
With a limited, though very important, number of exceptions, the 4-hydroxyphenyl group is characteristic of substances showing oestrogenic activity. Many of the exceptions are hydrocarbons such as have been shown by Stroud (1940) to become oxidized in the animal body to paraphenols. Simple compounds containing the 4-hydroxyphenyl group are inactive, e.g. p-cresol, quinol and phenol itself, but activity is shown by 4:4'-dihydroxydiphenyl and by 4:4'-dihydroxydiphenylether (Dodds & Lawson 1938) . 4-Hydroxydiphenyl is inactive in normal doses but 4-hydroxydiphenylether has activity approximately equal to that of the * dihydroxy compound.
The first general method attempted was one used by Campbell, Dodds &
Molecular structure in relation to oestrogenic activit
Lawson (1940) to prepare 'hexoestrol', methyl groups protecting phenolic hydroxyls when required: The four compounds desired, (IV), (V), (VI) and (VII), were all attempted by this method, but, without exception, the process broke down at the last step. The four dienes proved impossible to hydrogenate without pressure, and stubbornly resisted all endeavours to reduce under the most drastic conditions, although in one case (VII) half-hydrogenation took place, yielding a product with one ethylenic double bond. The method w as then abandoned in favour of one based on that used by Bernstein & Wallis (1940) in the preparation of 'hexoestrol'. A Wurtz reaction has been carried out on anethole hydrobromide prepared from anethole, but the bromides were found to be readily obtainable direct from the carbinols:
This met with general success, although yields varied considerably. Phenolic hydroxyl groups were protected by the use of methyl ethers, and the final products were demethylated by heating in a sealed tube with potassium hydroxide and alcohol. Full details are given in the experi mental section, together with an account of all new substances isolated in the unsuccessful application of method I. Biological tests were carried out according to the method of Allan, Dickens & Dodds (1930) , and the oestrogenic activities are given in terms of an arbitrary rat unit, defined by Campbell (1940) as the minimum total weight of substance required to give 100 % full oestrus response in ovariectomized female rats when injected in six doses in sesame oil solution during 3 days. It will be seen that in this series activity is only apparent when Ar = 4-(4-hyd roxyphenoxy) -phenyl. This is the only group of the four which itself shows oestrogenic activity when completed by addition of one hydrogen atom, in this case giving 4-hydroxydiphenylether. It is inferred that for high oestrogenic activity these groups cannot replace the 4-hydroxyphenyl group in the 'hexoestrol' molecule, not withstanding their ability to produce simple active substances by addition of hydroxy groups only. It is also noteworthy that while inactive phenol is converted into a feebly active substance by preparation of its 4-hydroxy phenyl ether, similar treatment of hexoestrol lowers its potency five hundred thousand times.
The a-naphthyl group has long been of interest, since in the series of 1 :2-dialkylacenaphthenediols and 2 :2-dialkylacenaphthenones activity has only yet been found when the alkyl (or aryl) group is a-naphthyl. This series was first studied by Dodds & Lawson (1938) who prepared the di-w-propyl, diphenyl, dibenzyl and di-a-naphthylacenaphthenediols and the diphenyl and di-a-naphthylacenaphthenones. The series is now extended by the preparation and testing of the dimethyl, diethyl and di-(p-methoxyphenyl)-acenaphthenediols and the di -(p -methoxy phenyl) and di-(p-hydroxyphenyl)-acenaphthenones, but only the a-naphthyl derivatives show any activity. A parallel case exists in the activity of diphenyl-a-naphthyl carbinol, and the inactivity of diphenyl-/?-naphthyl carbinol, of triphenyl carbinol and of 4-hydroxytriphenyl carbinol (Dodds & Lawson 1938) .
Hence the a-and /?-naphthyl analogues (VIII and IX) of ' hexoestrol ' have now been prepared, together with the 4-hydroxy-1-naphthyl analogue (X), which bears a close resemblance to 'hexoestrol', and the 6-hydroxy -2-naphthyl analogue (X I):
It will be observed that the aromatic groups of (XI) are orientated in the same manner as rings A and B of the natura oestradiol, etc.
(XI) was first attempted by method I, but it was found impossible to obtain a pure product by dehydration of the pinacol from (6-methoxy-2-naphthyl)-ethyl-ketone and not possible to prepare any pinacol from (6-hydroxy-2-naphthyl)-ethyl-ketone. (VIII), (IX), (X) and (XI) were eventually all prepared by method 2, the /^-naphthyl derivatives being obtained in better yield that the a-naphthyl. a-and /?-methoxynaphthalene were used as starting materials for the preparation of (X) and (XI), and the technique adopted for the Friedel-Crafts reaction on /?-methoxynaphthalene was found preferable to that of Haworth & Sheldrick (1934) . (X) was difficult to obtain, and the final state of purity both of the phenol and its methyl ether was by no means high. It was, however, found in active-a result upon which small quantities of impurity could have no bearing. Molecular structure in relation oestrogenic activity 439 25 nil (less th a n 10)
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Once again, none of these groups produces an activity of the same order as the 4-hydroxyphenyl group in 'hexoestrol'. The highest activity produced occurs in (XI): this is very interesting in view of the connexion between the aromatic nucleus and the A and B rings of oestradiol, also the symmetry of the 6-hydroxy-2-naphthyl group which is comparable to that of the 4-hydroxyphenyl group.
The relation between di-a-naphthyl and di-/?-naphthyl hexanes follows the example of the naphthyl-di-phenyl carbinols. The inactivity of (X) was rather surprising, since it may be regarded as 2:3:2': 3'-dibenz 'hex oestrol'.
Investigation of the relationship existing between the 4-hydroxyphenyl group and naphthyl and hydroxynaphthyl groups is proceeding.
C o n c l u s io n s
In addition to the several points of interest raised by the study of the oestrogenic activity of the eight ' hexoestrol ' analogues and already com mented upon, there is the general conclusion that the 4-hydroxyphenyl group seems essential for maximum activity in this type of compound. Since past work has indicated the necessity for one particular arrangement of the groups present in 'hexoestrol', and it seems most unlikely that alteration of chain length will do otherwise than reduce activity, one may say that only one obvious point requires investigation before ' hexoestrol ' is established as the most active of a very large class of oestrogens. This point concerns the effect of nuclear substitution on the benzene ring, with special reference to methyl groups in the 3 and 3' positions. The only evidence yet available-that of the activity of y :£-di-(4-hydroxy-3-methylphenyl)-y :£-hexandiol compared with that of y : £-di-( 4-hydroxy phenyl)-y :£-hexandiol-suggests that addition of methyl groups in these positions in the ' hexoestrol ' molecule will lower the oestrogenic activity.
y : £-Di-(4-hydroxyphenyl)-w,-hexane exists in two forms (Campbell al. 1940) , the high-melting isomer, 'hexoestrol', having an oestrogenic activity very much higher than that of the lower melting isomer. It is considered probable that all of the analogues described above have the same con figuration as 'hexoestrol', since the higher melting isomer appears to be the only one obtained in the preparation of 'hexoestrol' by the Wurtz reaction. It has been shown by Carlisle & Crowfoot (1941) that 'hex oestrol' conforms to the meso configuration.
N. R. Campbell and F. W. Chattaway E x p e r i m e n t a l 4 -Phenylpropiophenone(see also Willgerodt & Scholtz 1910) . Propionic anhydride (45 g.) was added gradually to a mixture of diphenyl (50 g.) and aluminium chloride (100 g.) in nitrobenzene (250 c.c.), cooled in ice with mechanical stirring, and allowed to stand at room temperature over night. The mixture was poured into dilute hydrochloric acid and ice, and worked up in the usual manner, m.p. 98°. Yield 35 g. The ether solution was filtered from aluminium hydroxide, dried, and the solvent removed. The residue was crystallized from xylene, m.p. 240°. (Found: C, 85-4; H, 7-15. C30H30O2requires C, 85-25; H, 7-15 %.) Yield 6g.
y:8-Dixenyl-APs-hexadiene. The above pinacol (100 mg.) was dropped on to molten potassium bisulphate (300 mg.) and heated at 200° for 10 min. The mixture was cooled, ground up, and extracted with ether. The ether solution was evaporated, the residue crystallized from light petroleum (60/80°), and crystallized from cyclohexane, and from acetic acid, m.p. 151°. (Found: C, 93-2; H, 6-7. C30H26 requires C, 93-2 ; H, 6-8 %.) Yield 30 mg.
[a-Xenyl-a-propanol.] 4-Phenylpropiophenone (60 g.) was heated with aluminium isopropoxide (35 g.) and dry isopropyl alcohol under a frac tionating column, the acetone formed being permitted to distil off slowly. When no acetone could be detected in the distillate (tested with 2:4-dinitrophenylhydrazine), the mixture was cooled, poured into dilute sulphuric acid and water, and extracted with ether. The ether solution was washed, dried and evaporated. The solid residue was used crude for the next stage. It consisted of a mixture of the required carbinol and its dehy dration product.
y:8-Dixenylhexane. The above crude carbinol (60 g.) was dissolved in toluene (125 c.c.), the solution cooled in a freezing mixture below -5° and saturated with hydrogen bromide. The solution was decanted, dried over calcium chloride and run slowly into a stirred suspension of powdered sodium (25 g.) in dry toluene (200 Propionic anhydride (4*1 g.) was added slowly to a mixture of 4-methoxydiphenyl (5*3 g.) and aluminium chloride (9 g.) in tetrachloroethane (45 c.c.). The mixture was left overnight and poured into dilute hydrochloric acid and ice. The product was worked up in the usual manner and was crystallized from alcohol and from cyclo hexane, m.p. 143°. (Found: C, 79*9 ; H, 6*7. C16H160 2 requires C, 80*0; H, 6*6 %.) Yield 3*2 g.
y : 8-Di-[4:-(4:-methoxyphenyl)-phenyl]-y: 8-hexandiol ( forms).
The above ketone (3 g.) was reduced in moist ether by the amalgam from 6*25 g. aluminium foil. The ether solution was filtered, dried and evaporated. The residue crystallized slowly in contact with light petroleum (60/80°) and was recrystallized from cyclohexane, m.p. 178°. (Found: C, 79*7; H, 7*1. C32HM0 4 requires C, 79*6; H, 7*1 %.) Yield 0*2 g. The etherinsoluble residue was treated with dilute hydrochloric acid, the solution filtered and the dried residue recrystallized from xylene and from anisole, m.p. 264°. (Found: C, 79*7; H, 7*1. 033113404 requires C, 79*6; H, 7*1 %.) Yield 0*4 g.
y \ 8-Di-\4-{4-methoxyphenyl)-phenyiyAP8-hexadiene.
The pinacol (either form) (0*3 g.) was dropped on to molten potassium bisulphate (0*9 g.) and heated at 200° The above carbinol (6-5 g.) was dissolved in toluene (50 c.c.), converted to the bromide and subjected to the Wurtz reaction as before (6-5 g. sodium-7 hr. at 50-60°). Alcohol was added and the solvents removed in a current of steam. The gummy residue crystallized in contact with light petroleum (60/80°) and the product was recrystallized from benzene, m.p. 260°. (Found: C, 85-1; H, 7-3.
requires C, 85-3; H, 7-6 %.) Yield 0-1 g. 4-M ethoxy-4'-propenyl diphenyl. The light petroleum mother liquors from the above were concentrated, and deposited crystals which were recrystallized from light petroleum four times, m.p. 150°. (Found: C, 85*3; H, 7*2. C16H160 requires C, 85-7; H, 7*2 %.) The substance showed unsaturated properties.
y: -phenyiyhexane. The methyl ether (0-2 g.) was heated in a sealed tube with potassium hydroxide (1 g.) and absolute alcohol (2 c.c.) for 18 hr. at 210°. The tube was cooled, its contents diluted with water and extracted with ether. The aqueous solution was acidified and the precipitated phenol collected and recrystallized from benzene, m.p. 240°. (Found: C, 85-15; H, 6-95. C30H30O2 requires C, 85-25; H, 7-15%.) Yield 0-07 g.
4-(4-Methoxyphenoxy)-propiophenone.Propionic anhydride (6 g.) was added slowly to 4-methoxydiphenylether (9 g.) and aluminium chloride (13-4 g.) in 50 c.c. tetrachloroethane, cooled in ice and mechanically stirred. The mixture was left overnight at room temperature, then poured into ice and hydrochloric acid. The solvent was removed in a current of steam, and on cooling, the residue solidified. The product was collected and recrystal lized from methyl alcohol and from light petroleum (60/80°), m.p. 64°. (Found: C, 75-2 ; H, 6-5. C16H160 3 requires C, 75-0; H, 6-3 %.) Yield (once recrystallized) 7 g.
y
.d-Di-[4-(4-methoxyphenoxy)-phenyiyy:8-hexandiol.
The above ketone (7 g.) was reduced in moist ether by the amalgam from 13-7 g. aluminium foil. The ether solution was filtered and evaporated. The residue crystal lized in contact with light petroleum and was recrystallized from benzene, m.p. 200°. A further crop was obtained by treatment of the ether-insoluble portion with dilute hydrochloric acid. (Found: C, 75-2; H, 6-7. C^H^O requires C, 74*7; H, 6-6 %.) Yield 1*2 g.
[a -4 -(4 -Methoxyphenoxy) -phenyl propiophenone (20 g.) was reduced with aluminium isopropoxide (10 g.) and isopropylalcohol (60 c.c.) as before. The product was distilled at reduced pressure, b.p. 182-188°/1 mm. Yield 18 g. (Attempted redistillation resulted in dehydration and polymerization.) The product contained some dehydration product and was used for the next stage without further purification.
y : -phenyl]-hexane. a-4-(4-Methoxyphenoxy)-phenyl-a-propanol (20 g.) was dissolved in toluene (75 c.c.), converted to the bromide and subjected to the Wurtz reaction as before (4-5 g. sodium -6 hr. at 55-60°). Alcohol was added and the solvents then removed in a current of steam. The residue deposited crystals from light petroleum and the product was recrystallized from the same solvent, m.p. 146°. (Found: C, 79-7; H, 6-9. C32H340 4 requires C, 79-6; H, 7-1 %.) Yield 1*2 g. 8-D i-(6-m ethoxy-2-naphthyl)-y: 8-hexandiol . 6-Methoxy-2-propionylnaphthalene (3*8 g.) was reduced in moist ether with the amalgam from 9-1 g. aluminium foil. The ether solution was filtered and evaporated. The resinous residue crystallized in contact with benzene-light petroleum and was recrystallized from benzene and from toluene, m.p. 248°. (Found: C, 78*1; H, 7*3. C28H30O4 requires C, 78-1; H, 7-0 %.) Yield 0-5 g.
6-Hydroxy-2-propionylnaphthalene.Aluminium bromide (20 g.) in dry benzene (150 c.c.) was added to a solution of 6-methoxy-2-propionylnaphthalene (5 g.) in dry benzene (100 c.c.), the mixture allowed to stand for 15 min., and heated under reflux for 3 | hr. The mixture was cooled and poured into dilute hydrochloric acid and ice. The benzene layer was separated, the aqueous extracted with ether, and the washed benzene and ether worked up as before and crystallized in contact with light petroleum (60/80°) The crystallized product was recrystallized from benzene, m.p. 209° (Found: C, 84*8; H, [6] [7] [8] [9] m .w . 366. C28H30O2 requires C, H, 2 -Propionylnaphthalene(see under 1-propionylnaphthalene). A mixture of powdered naphthalene (130 g.), aluminium chloride (300 g.) and nitro benzene (11.) was stirred and cooled in ice. Propionic anhydride (130 g.) was slowly added, the mixture stirred for a further hour and left overnight at room temperature. The mixture was poured into dilute hydrochloric acid and ice, reactants removed by exhaustive steam distillation and the solid product recrystallized from light petroleum (60/80°). Yield 42 %. a -(2 -Naphthyl)-a-propanol.2-Propionylnaphthalene (55 g.) was reduced with aluminium isopropoxide and isopropyl alcohol as before. The product crystallized from low-boiling light petroleum (40/60°) and was recrystallized from the same solvent, m.p. 37°. (Found: C, 83-9; H, 7-3. C13H140 requires C, 83-8; H, 7-6 %.) Yield 50 g. crude.
y:8-Di-(2-naphthyl)-hexane. The above crude carbinol (42 g.) was dissolved in toluene (200 c.c.) , converted to the bromide and subjected to the Wurtz reaction as before (28 g. sodium-50° for 18 hr.). Alcohol was added and the solvents then removed by steam distillation. The residue was extracted with ether, the ether solution evaporated and the residue crystallized from low-boiling light petroleum (40/60°). The crystals were added to the ether-insoluble portion and recrystallized from benzene, m.p. 198°. (Found: C, 92-2; H, 7-5; m .w . 306. C26H26 requires C, 92-25; H, 7-75%; m .w . 338.) Yield 3 g.
1:2 -Di-(p-methoxyphenyl)-1:2
-a c e n a p h t h eA cenaphthenequinone (18*2 g.) suspended in dry ether (50 c.c.) was added gradually to an icecold Grignard solution prepared from p-bromoanisole (107 g.) and magne sium (13-9 g.) in ether (150 c.c.). The mixture was stirred and heated under reflux for 4 hr. and allowed to stand overnight. The reaction mixture was poured on to ice and ammonium chloride, worked up in the usual manner and recrystallized from alcohol, m.p. 162°. ( 
